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Abstract. Two greenhouse studies were conducted itoinvestigate the relatioishi I ltethseen isater sireis and N, fixationt 
among drought-resistant and tu.celptiblc cowpea [Vigna unguictiata (L.) \Valp. I genotypes. In I),;th experinleirts, 
seeds were planted in 7.6-liter black i)olyethylene pIts containing coml(posted sawiust mediun and were inoculated 
with Rhizobitmn. Throrughout (he experimlenls, flowers were removed to mlain.ain vegetative growth. Water stress 
treatments were implosed I)y withholding water, while the control plants were watered as needed. The treatments 
were applied 58 and 56 days after planting )AP) in the first and 2nd exlperiments. respectively. in both experiments, 
leaf water potential (IAVP). shoot Fresh wVeiglllt SF). shoot dry weight (SI)W), root fresh weight (RF\V), nodule 
fresh weight (NV), nodule numbier (NN), and plihant stiecilie activity (PSAt Iby both in situ and tlestrod ise acetylene 
reduction methods were measured. Replted observations of iii situ acetylene reduction were nmade 58, 63, and 71 
DAP in the first experinent. All other variables were measured 77 to 78 I)AP in the first experiment. Single obser­
vations of all variables, incluling in situ an(, ,les-trictive acetylene reduction were ma.de 56, 67, and 81 DIAP in the 
2nd experiment. Results suggested thai resislauit genotypes are capl hle of*maintaiinng 'IMP and Iiioni:ass )roduction 
(as measured by SI)V and S'V) (luri ig water sti ess. In additior., the effet of water stres. oin N, fixation was far 
great,-'r than the influence of genotype when genotylpes were selected for relative drought resistance. Path analysis 
revealed that LWIP is correla ted to N, tiation in water-stressed plants, full imp1rovement of )lant \water stalus via 
drought resistance should increase N2 fixation ilenitial under (ro,:ght coinditions. Therefore, bree(ing For drought 
resistance in conjunctioin with N2 fixation may lie In(re beneficial than Ireeding stricll tor N, fixation potential 
withont regard for environmelntal adaptation. 'ne in situ method of acetylene reductioul was louird to he useful for 
detecting plhysiological elainges (lile to water stress and estiriating its genotypic N., fixation Iotential. 

Nodulation and nitrogcnase activity in cowpea are reduced ponetts: drtght 1Vuid,1ncC and drought tolerance. Tiney defiied 
hy drought-induced water stress, resUlting in low N, fixation as dcought avoidaneC as the inaintetlance of high plant water po­
well as reduced yields (2, 4. ), 18, 22). In these experimnts.l tCnltials duri'g drouthlt (3. 10) and iro'lIt tolerance as the 
the effect of water stress oil nodulation and ililiogenase acti\ ly' tairiiInlMaC 01 pliolt funltiilll Ctile when plant water potentials 
or only one cultivar was reported (4, 22). or when several cul- are low due to drought stress (10). l)rought avoidance in cow­
tivars were used, they Were (if tUknown drought resistane (2. peaS has '1eui-T (3. 10,well docurnlerited 18). 'rhe effect of dhOirehl 
18). Nitrogen fixation is considered to !he inore sensitive it) avoidance on N, fixation. however, has not been well-defined. 
water stress than to N Uptake and assiiiilation of combned N The objective of, the studies rpitlred here iniwas; to deterline 
(8). The possibility of selecting cowpea rhizobial strains for the illf!ueicC of aler stlrCss on the N2-fixation potential of 
their capacity to recoverLi'ron drouIht stress has been irtvesti- drouht lresistant arid susceptible genlotypes in order to assess 
gated (21). However, since drought afliects muany plant processes the \aluire olf drougIllt re;istance as a means of" increas ilg N, 
in addition to N, rixation. drotglit resistance of the cowpea losIt fixation poteintial in cmwpea. 
plant also should be beneficial. The effect of' watter stre..s on 
plant growth and N, fixati'm Must be assessed to ,icteriine 
whether it is possible to incicase N, fixation via dro0ught re1is- aterials andtietliods 
tance. Two grecihOrSC CxperilentsClere CoridurtCd to deternmine 

Traditional Methols of nes utring nitrogcase activity have the elct ot water stress orr N fixation. In the Inst experinien, 
involved destruction of tl plhnt, which makes repeated riliscr- 14 Ieriotypes. incI ud iig 6 droui lht- res istint aHd 3 lrouglt-sus­
vations imipossible. For certain experiments. it may be desirablc ccptible 11 16). were planted oil 21 Sept. 198 1. The relative 
to rieasure environinentoll ef'fects that elicit pihysiologicai chl gTs dr(ught-resist alrce potreitial of the resistant anird susceptible 
over a period ol'tie. Theref(ore, a riondieStritctivye in situ ithre Idt g Ciot Vpe s Ithad been (IetcrrliniCd prCvi(usIV on the barsis of shotm 
for measiring acetylene reductioi Was used similar to th.lat re- bio)rirss prllittiorn field eXperiMlents cotiltuctd durinrg Sum­
ported by Mahon and Salhinen (6). ncr 198(0 (14). The genotypes rtsed in this study were selected 

Turk and I1lall (10) separated drougIht resistance into 2 corn- ilt the b~asis of their resistance or srusceptibility. a, \\ell ats seed 
a'\ailabillty, arid d) not necssarily represernt the extrelies ob­
served. 

Received (or pubtlicalhnI II Mar5.N 'I 'Ct S A, Fi.trithiA I \lrihIIl SIt1t0' Fi\C check cuIl:\ars r'owll fOr t~jljl-iion towere tXooiC 
Tetnicali Article 2()31. Research Nuppollrted ill parl 1) ' SA I -i' RS .tp se 

,1BNF grant 59)-2481-01-5-0(01-0t. We \isit)to ihank Dr. Joe . tlBirtilIl. Iornmi g itol't-pc' . 'Brlok\ n ('rowder' ld 'l sh l iPurple I lull' are high 
vice president. Resetarch and )evelipment. Thie Nillm (C'...lii(.CC \Vsc . and los N 2-1ixing Lenilytvpes. respecti'cly 1231. TX 101 ard 
for prim iding in110Mt 1 ill thCC TIle cii't ilt this 351 selections 1llil' aldthe ltn u,115e1 ,:titli¢C, pubihI'lib' 'IX are I'lili1 'BUIrlt I)ll'lt r 'B3rOwn 
p aper kt the chlres rescclivcly. Ii:s beent,v delraed ill part by paylent ,of page Iil posll .Crowder," 'Caliorin Blackeve No. 5' 
regu liolts. I Nrr, erttherel ' iet 5 herdcs ill\m rked ijiil ti , cl\to indicate ihis f'act. uIsed exteisiv'Cly in ssater strss, research (7. 1I). 1I . 22). Plarnts 

ill grownat itri7.-itrbac flret o~s-
Research Assistailt. Iresent address: '(i\I itt 7.6-liter black lastic pll it otIOl',osted sawd,'t, 
Uni\.. Bat(m Rougce. IA 71803-21210. which has a losw N content arid is vel porous. Seeds were 

irirtllated ail plirrting ',Ci-Prl fessi r with tile c0tnrter l ii.ed strain ' I" 
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rlizobial inouaIint. Scdlings were thinned later t oneplant 
per pot. Plants were w,'atered with a odified N-frce nutrient 

'Solutionl (Table I). Flowors wererenmoved daitly to. red.Wt Con1 
founding aniong exotic lines differing in reproductive caacity
ahid daylength sensitivity. Gro Iux wide spectrum lighting was 
UISCd to ext6 -nd ie iylnt tabulir(N

All plants were watered with nutrient solution as ineedcl for 
the First 58 days after planting (DAP),. Plants assigned to tie 
stress treatment were not watered beyond 58 DAP. Plants used 

.,
 

-
" :


as controls were watered with tap to detect differences ihlwaler 2 days prior to each in.used plant growth variables between
situ acetylene reduction Ieastremcnt. Treatments were applicl
in a factorial arrangement in a randomized complete block de-
sign with 4 blocks. At 58, 63, and 71 DAP, pots were weighed
to motnitor the depletion of watcr from the meclium, and in situ 
acetylene reduction assay was conducted between 1100 and 1300 
IRon warm, sunny days (6). Septum-fitted glass tubing. 15 cm 
long) was inserted into the sawdust medium parallel to tle stem 

diata and acetylene.(50 cc) was injected. Gasdstance of 5 cm, 
samples obtained prior to acetylene injeclion had no detectable 
levels of ethylene. Gas was sampled at 10'and 60 min after 
acetylene injeion for later ethylene determination. Plant spe-
cific activity, as determined by in situ acety!cne reduction, was 
analyzed as a repeated-observation, split-plot design with sam-
pling dates as main plots, genotypes and treatments as sub-plots,
and sampling times as sub-sub-plots. 

Leaf water potential (LWP) was determined 77 DAP by ther-
10mocoupie psychrometry. At about 1300 iIR, a 40-nmm square
leaf sample was obtained from the middle leallet of the young-
est, fully expanded trifoliate of each plant. Leaf samples were 
inserted rapidly into a Wescor L-44 waterbath leaf chamber. 
Leaf water potential was determined with a Wescor HIR-33T 
dewpoint mici ovoltmeter (17). 

The next day, plants were assayed (between 1100 and 1300liR) ruct)fornitrogenase activity by the destructive acetylen
in oeto.Pase verey t eiu "ne ndhtthe iv 

on method. plants were severed at lin, llI were w'eighed immediately and dried for later dry weight ica,, 


Table 1. Composition of'N-free nutrient solution. .~and 

addeds 
-

Stock solution added to Final 
Stockconcentration 100 liters H concentration 
Stock solution 
Solution I 

l' B1o3 

MnCI, 

ZnCl2 

CIC12 -21-1,O 
Na2MoO.1-2 Ha0 

Solution 2 
MgSO; 

Solution 3 
KH 2PO , 

Solution 

(g/100nil) (nil) (mg'elemcnt/litr) 

0.3 
0.2 
0.0 1 
0.005 
0.0025 10 

(B) 
(Mn) 
(Zn) 
(Cu) 
(lo) 

0.0524 
0.0873 
0.0048 
0.0019 
0.0010 

12.0 100 (Mg) 24.2400 
(S) 31.9560 

13.0 100 (K) 
(P) 

37.3490 
29.5880 

- . 
CaCl2 . i.0 50 (Ca) 19.8610 

Solion 51StSo13n 100 (K) 58,3440 

Surcnent, The intact root system, including nodules and roots, 
was placed in an air-tighi canning jar (0.48 liter), Tie acetylene
rcdtctiull assay was uscd as described '&rcviouIsly (23), with 50 
cc of ayetlene injected into (ie jar. Aftcr the assay, each root 

"Waspacednh plastic ba d frOzcn for hternodule weigit 
W), ntod ule 'nuLI)er (NN), and root' fresh weight (RFW) meta 

surements. 
' Most data weire analyzed by analysis of variance (ANOVA)
Whencver appropriate, single degree of freedom contrasts were 

resistant and susceptible genotypes. The relationships am.ong
various N,-fixation variables were determined by path analysis
(5). 

A similar study wa; conducted during Spring 1982. T,he pri­
mary difference was that all variables, including bothlin situ 
and destructive acetylene reduction methods, were measured on 
3 days-56, 67, and 81 DAP. 

Oil each of the 3 harvest days, PSA of one-third of the plants 
was determined first in Situ, followed by the destructive method;
hence, one observation perplant was obtained with ich method. 
Two drought-'resistant and 2 susceptible genotypes, in addition 
to 'California l3lackeye No. 5', were planted on 29 Jan. 1982 
in a randomized complete block, split-split plot design with 5 
blocks. Main plots were the harvest dates, subplots were the 
stress treatments, and sub-sub-plots were genotypes. In situ 
acetylene reduction was analyzed as a split-split-split-plot de­
sign with sampling times, 10 and 30 rain after acetylene injec­
tion, as Sub-sub-sub-plots. For this experiment, the aniount of' 
sawdust media used in each pot was weighed carefully. Plants 
were grown as before with the stress treatments applied 56 DAP. 

Resuls and Discussion
 
S " .... tm
Signiicant differences between the 2 stress treatments were 

detected for SFW, SDW, RFW, LWP, PSA, NW, and NN onand 2 Dec. 1981 (Table 2). The stress treatment reduced shootfreshand dry weight by 56% and 45%, respectively. Water 
stress reduced RFW andLWP by 32% and 499 , respectively, 

PSA, NW, and NN by 61%, 414%, and 25%, respectively,
These results indicated that the stress treatment had a significant
and negative effect on plant growth and N, fixation,Significant genotypic differences (P < 0.05) were detected 

for LWP, RFW, NW, NN, and in situ and destructive PSA. 
Single degree of freedom contrasts revealed significant differ­
ences between resistant and susceptible genotypes for only LWP 
(Table 3). Resistant genotypes generally had higher, LWP than 
susceptible genotypes, although several of tie check cultivars 
also had relatively high LWP (Table 3). Drought avoidance in 
cowpea has been reported previously (I, 3, 7, 10, II, 18), 

Table 2. The influence of water stress on plant growth and N, tixation 
averaged over all genotypes, Fall 1981. 

:
K:O4 . 13,0 100 (K)' 58.44) ?'~ "Plant specific activity . 

(S) '41.6780 ([jiniol CjH,, planp'I-ir-
Solution 6.. Nodule fresh weight (mg/plant)
K Fc-EDTA ' 5.0 10 (Fe) 0.5000 Nodull nllblhr/hnit ' 

' 44"4'4 

Vatriabk ' 


Shoot frcsl weight (g) 

Shoot dry weight (g)

Root fresh weight (g) .
Leaf water potenital (bars) 

'reatment _Signiic1ne 
Control Stressed levels ' sm 

32.0 14.0 .. ' 1.81 
5.5 3.0 .* 0.35
5.0 3.4 * .0.82-9.6 -14,6 0.350 ,
3.6 1.4 " ' 1.44 

1294 724w ** 88,46 
115 86 "*4' 2.36 

'J.
 

'Ad.justd to pH 6.5 Mill H, 0 4 ...*: * *'Significant at I% and 0.1% levels, respectively. 
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Table 3. The iIluet c of enotye ontllea0 water poential. Fal I 1981 Table 4. The intluence of 2eiotlc an.l stles triatnent oi phiitt 
-- t[)CsiliL il'tik'its ilaCi ttlr'd hV tile ill stti acetlen, reditction i cilh tl,

enotype .t wit Fall I081. 
__e_ n______type___ 1 (b a rs ) . . .. . . . . . . ..__p o tc nli . .. . . . .
 

Resistant> 
 Plantt spo iici acti,,'i-

TVu 29
1279 tV''
 
TV L 906 
 - 11.68 Stiess treatnilcnts 
TVu 1489 - I1.85 ('.ttypc\ (otol Stressed Reduction (I
TVu 2157 - 13.72
 
TVu 2319 - i!.95 Resistant
 
TVt, 4534 
 I .53 'T'u 12') (. P)' 0.18 5
 
Meat1 
 11.95 	 TVuI 960 ([52 0.210 2

TVu 1489 (123 (). 19 17Susceptible tVii 2157 0.34 0.18 -17
Pulple Tip - 14.6 TV I 23t1) 0.28 0.234 14
 
TLVu 6,141 - 13.17 TVti 4534 0.46 
 ). 16 65
 
Tu 6565 
 - 12.72
 
Mean - 13.50 Mean 0.34 0. 19 44
 

Check Susceptible
 
Brown Crowder 
 - 13.37 Purple Tip 0.51 I. 15 71

Bush Purple Hull - 11.63 TVt. 6441 (.52 0.22 
 58 
California Blackeye No. 5 	 - 10.40 TVu 6565 0.73 58
 
'X I01 ,election - 10.82 Mean 0.59 
 0.20 66
 
TX 351 selection 
 - 12.28 
Mean - i 1.70 Cheek
 

3rown Crowder 0.56 (.20 64
- Bush Purple IHull (0.54 (.14 74 
"'TVu menbers as cited in Cowpea Germplasn Catalog. No. I. 1974, ('alifoniaInternational Institute of Tropical Agriculture. IIthan, Nigeria. Blackcye No. 5 11.65 (0.23 05
 
'\ Cotirast of re Sistalit vs. susccptible getot\pes wis sig nificait at til TX 101 selection (1.48 ((.2- 54

0.(5 level iCor leaf \tater poteial. TX 351 selection 0.54 0.23 57
 
+SI;- = Standard error of aldilh cici bctweei 2 Ineius.
 

Mean 0.55 
 0.20 04 
Sl'\ 	 0.06 

although diff, rences between cvpca lines Fo drougItt av id- 'Pait specific activity expressed as p.iol C2ll 'p atit
 
ance have not been well-doCutue teitciI.The iicreased I+SWP vall-
 TVu numbers as cited in Cowpea Gerniplasin Cat alog. No. I, 1974,
 
ues 
for check cultivars indicated Ilat iattic, cilliva's possessed Ititeriiaital Inistitute of Tropical Agriculture. Ibadan. Niecria.
 
at least SOlme drotight avoi daice traits. "Calitornia Blackeye No. 'The interaction between gclnOty pC aid strtess aCiltlllt1i was significant
 
5' was (ie most notable example. NcVcrthClCss. exotic geio- at the 0.5 level.
 
types identified its resistant ill this cxperitentt aid ilt previous "S-I Standard ernor of ; difference between 2 meais. 
field experintits (14) lay expr'css specific drotuht ;avoidance
 
traits not present in COlitniotn y used ated culti vars. Specific
 
drought adaptation tnechatiists iti droult-resistant, exotic types detlitIslrated sotiie degrItee 
ol driiougIt avidanice by Illai
 
cowpea genotypes should be identified. taining I.\VP ('['able 3) and PSA 
as tmeasured by tile iti situ 

Since in situ PSA was not measured iti a seiled cotitaiieris Itetliod (able 41. Given these experimental conditions. esseti­
with tile destructive acctyletie reduction assay, it Catllnot be ;il- tally pliiits that were watered vs. plints notilwlterCd, ati inter-
Sullied that acetlylente red net iit IInea SLIred it 1(1 or 60 min rep- aciithll hetweet stess teatileils ai ti getolypes (selcted for
 
resents a CutLiulative total. Ill flIct, itl situ PSA was 0(.37 and their ch:tlive drioulit iesis(itIncC) woUld seem likely. As pieyi­
0.29 [Lniol C- l.1'plant . 10 and 6(0 min after injecting acety- ouisly ientioned, this inter;action between getiotypes ;und stress
 
lene, respectively. Ill sitIPSA is, thereforef , expressed 
as paniol tretlntents was not dtelctcd for PSA detcrnlincd by destructi\e 
C 2 1l.t'pltit 1 without atunit for tnc. acetylene reduction. These results illustrilte the usefuless of" in 

'he interaction between stress treattiient and gciotype \s silu acecltc rdutetiti for detecting chatig.s ill physiutlogical
 
Found to be significant for only PSA tieasurcd 
by tile it Situ Processes iver litite due to cntvirotitcn:hil strcss.
 
method in tile first expeitient (Table -1). The largest diflerences value of (le it situiethod for detetigte gradual chities
 

antiong genotypes were in tle control treatlCnt, with droutlit- in ISA dutitig chinges in etiVirOiiinleti1al conditions is Ce'ide t 
resistant genotypes. as a griiop, laving lower in s it PSA,' thai ill Fig. I . Since tle stress treatienls berart at tle date of first
 
either susceptible 
or check genotypes. In the stress treatiet harvest, nto differences betweeni stress tlelllllcntit. were ipparent 
differences ationg genotypes were sall . With All 3 grouIps hay- it 58 IDAlP. Ilow'ever. large di ffeences between stress (real­
ing similar levels of nitrogenase atctivity is ieasured bv in siti tutits were flond at 63 and 71 I)..\ sitl1 lcsti that ill situ 
acetylene reduction. The most ibv outs di((tc rices re - c t i te ii i l IsSClufit for tieastirin g ti e lTcct oi' grad­
sistant. susceptible, and check genotypes \,ere oted when ti nal water stress ol N, fixalion. 
situ PSA in the stress treatnient was expressed is a percl'ntalge Of the N fixation varialles sludicd,. lSA appCared tto be 
of"reduction (Table 4). Resiqtait gtliotypes were not affeci I ffected by sts to it greater ctent Ilian N\V it NN. I lowever. 
as severely by water stress is were susceptible genlot,'pe. Cer- this effect is a retlectioi of tie tingi of stis, iniditlion anod 
tain resistant genotypes ('lu 129, TVuI 1489. and TVu 23191 tile fact that phvsiiological proceses, Such its niit[Ltneitsc actlv­
were low N, fixets in (lie control treatment, but their reductliori ity, respond Ilich tore rapidly t ,,tress thliitutitihological 
in N, fixation due to water stress was tiinial. These 3 geno- proceesses, such its;Iudlatotil and leaf abscisstoi. Also. stress 
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it illig . F"all 

stress treatmen and date was significant at the 0.015 level, 

63. and 71 days after ph1a 1981 . [le interaction between 

may have become effective alter the period of primary nlode-
latiCn and nodule enlargement. 

In the Spring 1982 experiment, ANOVA revealed significant 
interactions bctween stress treat Ienit iiid giiiOtype for SEW and 
SDW as well as PF\W determined oil 25 Mar., 5 Apr.. and IL) 
Apr. 19,2. Significant diflerences bet,'.eet resistant and sIs-
ceptible genotypes 'ere fouind for SFW and SI)W. aid resistant 
genotypes had higher valLes thatn susceptible genotypes inthe 
stress treatment. When the genotype X stress treatment inter-
action was found to be significant. dififerences betweeniCresistant 
and suscel'til!C gCiotypes were distinct ilthe wk-aler stress treat-
nilent; hence, genotypic ii eants for shoot Iresh and dry glts'+ei 

of plants grown in tile stress treatment are reported in 'able 5. 

Intraspecific variability Ior root explorationi a drought avoid-
ance mechanism, is suggested by the signifficant differeniccs in 
taproot length foutd between resistant and .4Isceptiblc genti-
types (Table 5). Water stress reduced taproot length: however, 
ati interaction between stress treatments aind gentotypes was not 
detected. Mean taproot length for plants inthe control and stress 
treatments was 17 1 and 149 tnt, respectively. This difterence 
represents a 131 reduction. AIlioughi enhanced loot exphlrat iou 
has not been reported as a drought avoidaiice ncChia nisin i 
cowpea, evidence for diflerences between resistant and suscep-
tible genotypes for taproot length was found aniong the 5 geno-
types used in the Splintg 1982 experiment. More specitic and 
precise techniques cotld be lsed to evaluate getlotypic root ex-
ploration potential. 

Interactions betweeni saml'ing (late aad stress treatment were 
significant "or I.WP, SFW. SW, RFW,NW.NN, and PSA. 
as measured by ii situ acetylene reducti. These interactions 
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Table 5. The influence of genotype onl shoot fresh and (Iry weight 
wnd taproot length inthe stre ss treatment. Spring 1982. 

Stress treatment 

Shoot weight (g) 
Genotype' Fresh )rv 'Faproot length (mini) 

129) 28.7 5.7 167 
TVU 966 29.0 4.0 165 

Susceptible 
'IV 6441 20.9 3.4 112 

'Vu6565 21.7 2.9 137 
Chet.k 

Clfri
 
11ackye No. 5 
 25.2.. 5.4 163 

st-" 2 0.6 11.2 
_ _ _ _ _ _ _ -___ __ _ _ _ _ _ _ _ _ _ _ 

"I'V nmhers as cited inCow+pea Gertniplasm Catalog, No. 1, 1974, 
Intcrnational Institite of 'l'ropical Agriculture, Ibadan. Nigeria. 
'A cmtra,,t ret vs.rcsistalt susceptible genotypes was si gnificant at the10,05 lecl I'or all variahlcs. The interaction between genotype and 
tcatment %%;,, ien iicanlt at he 0.)5 level tor shoot Iresh and diyI t 

'si _-Stalndard erior of a diflerence between 2 mheants. 

were expected, since stress was imposed on the first harvest 

date and its ef'ccts would be expected at harvest dates. In gen­
eral, large differences between treatments were not noted until 
the final harvest (late, suggesting that the onset of stress in this 
experiment was y1radial. A 81 I)AP. mean SFW was 45.6 and 
2 1. I e for tie control and stress tie;itnlents, respectively - for 
a 54 , reduction in SFW due to stress. Shoot dry weight at 81 
l)AP was 6.6 and 3.7 g in the control and stres treatments, 
respectively-a reductiotn of 441'Ic. Mean RFW was reduced from 
14.2 to 4.3 g as a result of the stress treatment for a reduction 
of 70' at 1 DAP, cotmpared to 3217 in the previous experi­
metit. At 8I I)AP, LWP was -9.0 and - 13.5 bars for control 
and stress treatments, respectively. Nodule number/plant was 
83 arnii 35 for control and stress treatments, respectively, rep­
resentine a 54%. reduction die to stress. Nodule fresh weight 
was 1.71 anid 0.31 g in control and stress treattnents, respec­
tivel. 
The interactiots between sampling (late and stress treatment 

Ie- NN and NW were significant (Fig. 2). liflererces between 
stress treatments for NN and NW were not detected until 81 

IAF. The decline of NN and NW indicated that nodule abscis­
sion may have occurred in stressed plants. In previous research 
using pes (Pisumi sativun) and red kidney beans (Phaseolus 
vifguris L..).Wilson (19. 20) discovered that a reduction in soil 
tioistlre levels resulted innodule abscission. Ihe suggested that 
nodules located on s1iiall. I'ibrous roots would be more likely to 
abscise than nodules onitor near the taproot. Our observations 
indicated that taproot nodules begin senescence and abscission 
earlier tihan nodules on fibrous roots under both stress and non­
stress envirotments (13). The greater impact of water stress on 
NW,as compared to NN, suggests that either larger nodules 
abscised first Or that stressed nodules were shrinking due to a 
loss of water. Ingeneral. ANOVA for both experiments indi­
cated that the effect of water stri.ss on N2-fixation variables was 
far greater than the intlutence of geiotype. 

A significant interaction between satiipling date and stress 
treatment was flound for PSA measured by the in situ method. 
While iti situ PSA inboth stress and control treatments de­
creased over titie, the decline was greater inthe stress treatment 

J.Amer. Soc. Hort. Sci. II1(3):451-458. 1986. 

4 



1800 

1600 0-0 NODULE WEIGHT, CONTROL X 

D----0 NODULE WEIGHT, STRESSED 80 
x-x NODULE NUMBER, CONTROL

1400! x NODULE NUMBER, STRESSED 70 
S75CO 

I-J
 
1200 
 70 

1 ­
a. 

6~k-
120 00.200 -

.. 800 X 
65 


_S 
,0 


600 	 '' " '* 
,'* 55 z 

S, 5 E 

400 
'S 

200a 0 50 

400 "x 

2 0X 4 0 

1 35 

56 67 	 81 

DAYS AFTER PLANTING 

Fig. 2. Nodule weight and number. 56, 67, and 81 days after plant-
ing, Spring 1982. 

than the control treatment between 56 and 67 DAP (Fig. 3). In 
comparing the results of in situ acetylene reduction in both ex-
periments, in situ PSA of non-stressed plants increased over 
time (DAP) during the Fall 1981 experiments, while it decreased 
in the Spring 1982 experinent. Differelices in the physiological 
age of the piants and in greenhouse temperatures invy account 
for the overall declines in PSA during the sampling period in 
1982. Similar reductions over time were detected by the destruc-
tive method in the experiment with repeated observations. Plant 
specific activity measured by the destructive method was 20.2, 
8.8, and 6.9 I.mol C2 4 plant 'hr 1 56, 67, and 81 DAP, 
respectively. Plant specific activity from the destructive method 
was 16. I and 7.9 j ,nol C2l 4 plant ihr 1 in the control and 
stress treatments, respectively. However, in situ PSA determli-
nation may have been more sensitive to stress, as illustrated by 
the interaction between sampling date and stress treatment (Fig. 
3). 

treat-A significant interaction between genotype and stress 

ment was not detected for either in situ or destructive PSA. 
Genotypic differences were found using both methods. Except 
for TVu 6565, genotypic differences (as determined by the 2 
methods) generally agreed (Table 6). In using the in situ method, 
TVu 6565 was found to have the highest nitrogenase activity 
but was in the middle range of activity when the destructive 
method was used. These result,; were compared to that of a 
previous experiment (13) and it appeared that TVu 6565 was 
unusually low in PSA for the destructive method in the spring 
experiment. This observation is supported oy the fact that TVu 
6565 had the highest PSA as measured by both methods during 
the Fall 1981 experiment (data not shown). 
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Fig. 3. Plant specific activity as measured by the in situ method. 56, 
67. and 81 days after planting, Spring 1982. The interaction between 
stress treatment and date was significant at the 0.05 level. 

Table 6. The influence of genotype on plant specific activity as inca­
sured by destructive and in situ methods, Spring 1982. 

P mtspecific activity 

Genotype' Destructive> Insitu', 
California Blackeye No. 5 9.78 b 0.18 c 
TVU 129 8.89 b 0.17 c 
TVu 966 18.14 a 0.22 b
TIVu 6441 	 12.66 ab 0.23 bTVu 6565 	 10.56 b 0.28 a 

s 1' 1.96 0.01 
"I'Vu numbers as cited in Cowpea Germplasm Catalog, No. I, 1974, 
International Institute of Tropical Agriculture, Ibadan. Nigeria. 

t nimol CH 4 plant I'hr 1 
'iiniol C2H4 plant 
" etanseparation within columns by Duncan's multiple range test. 5% 
level.' = Standard error of a difference bctwe, ni22 means. 

Correlation coefficients between in situ PSA. destructive PSA, 
NW, and NN were calculated (Table 7). The correlation coef­
ficients between destructive PSA and in situ PSA sampled 10 
and 30 min after injection with acetylene were 0.67 and 0.70, 
respectively. Destructive PSA and in situ PSA were more highly 
correlated with each other than destructive PSA and NW or NN 
(0.62 and 0.42, respectively), or NW and NN (0.64). Nodule 
weight and number, however, were more highly correlated with 
destructive PSA than PSA measured by the in situ method. 
Nevertheless, measurement of PSA by in situ acetylene reduc­
tion tnay be a relatively simple, rapid and nondestructive means 
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for estimating N2 fixation. Although tle in situ acetylene Ie- I.ealf water potential \. 
duction prowedu icuIsed was less so phisticaoted and simpler than 
otheI puishCd techniquies (6), it was fui0td 10 be Llttitc tsefil 
for detectring large differences illISA dile to the stress treat-

mentZlents illgreenihouse-gro\%n plants.Z 
In order to ascerlain which N -fix.ation variables were llast 

important for d.Icterni,.ne N2 l*xatiku] durinl; w ater sness, path 
..nalysis was used (5). The palth analysis diail'al in ig. 4 
depicts the development uif N2 fixatiin in leguies. Path analysis 
permits the partitintuing of' a total :ortelatioln coefficient into 
several c(lponents including direct clfect, nUlmcrou, indirect 
effects, and spuritus effects (5) Path cOleTicienls were detcl-

the effects 	 t Adjit tor the clfects tortreatllents. nel lcal-
nenits was achieved 1y conmductiig a rcgl-,sSiIl-typc analysis 
with treatments and blacks as independent variables. Residual',s 
were used in th,' path analysis, alter Ihc effects o1 IIrcatncents 
and blcks had been irIUic lnd, 

Falt?1,:Ii
Result; urthe experiment showcd that \hile the 
total correlation between NV and destrctivc ISA a,, high 
(0.75 and 0).)) xkhen data \crc 	adjtusted fo' treatment, and 
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plants in the control ticatilltlll, respectively, total correlatiun 
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direct effect of NW fegligible thet PSA was lor plants ill 
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(hai NW in st'essCtL phailts. The direct effect of' NN oil PS,\ 
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stressed plants. Nodule \eight had tlte larLcst indirect(0(1.6) 
elffeet on PSA via NN iinniinstressed plants. Root fresll weighit 
was [lotfound to be imnpoirtant ill	determining PSA in aily tl 
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IM.PVand PSA were
mined hy path analysis for 3 griltips t datalaiil lv pilnlails 11.21) anld (0.48. respectively, tar data.i a1, tell ilt treallile ts andassigned to each of1the 2 trcatmlll lall dalt adustied 'i 'nts, an planllts gr-o\\n illi e stress tcalnlllcill. iclhors other Illn I.\\1 

\%Cre lnle iptlrh1illlt or plints gow n ill he control treatmlell. 
In tile Sprintg 1182 C\periient. NW was found Io have a 

larte direct effect il PS,\ in all 3 groups o data (Table 9).
Nodule immber \\as not fMnd to influelce iS.\ ureatly. except
far plants \nit'iiln the C ltroll lIeatililt, \.lcre tiledirect effect 
of NN an I'SA \was almivost as greal as (lie indirect effect due to 
NW. Patlh anlylsis revealed a crucial relationship bcetuen I.WP 
a.fndPSA itlall3 gulilps ol data iii the 1982 exlierillen(. In 
qe.sscd plants, increased I.VI \\ias closely associated \ilhhieher 
PS.A. -1vidcn,:e hls been presented t stlgest that intra,,pecific 
variahility 1or d2ought a\oidnice aMid I.\VP exists,. 'hCrefare. 
uliie itesistanlgeuot\ pes that ilma\ liailtain a high planl x\ater­
status slhulid Ilave Ili2ler N., Ii\atiIl )i0teleti;l dtnrinm, wrater 
stress lui susceptible gentx pt s. The tleveopilent (l tlrlght­
resistant cultiVars slltd illdircctly improve N., livitim poit'n­
,l.
 
Path analysis also re\ caled that tlnessed [lats %\II increased 

inm'!ci lunerhad increa,,etl ISA ill the Ial! C\leriment-lo. 1 -
when data were adjiteStI1fat tialltilents antdI)o platnts grovn ill ever. illthe spring experiniett. NW \, tile inost inipju-taint N, 
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'able ().Cefficit-.ns romlpath analysis of tile reltirmishipls arron 
N2 fatiin variables illstressed and nonstressed plants Slprini I982. 

Ctrlcnation and padttccfti.cienrts 
AdjuSted Ilr 

Varh vsll, treati,'e , Slr.rs"-',it.,'l Nior ,,wt,C,,d
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eflect of water stress on N fixation variables was far 2reiater 
than til ifliLIci Ce of gW notyp whelr geittype were\,s 	selected 

for relative drougIht resistlancc+ Maintenance of IVP \)via drohtgt 
a ill.ance should increase N, fixation potential during water 
StlCss here reIr bre d lg 1*or• d101.hlit .\oi Coll .nctionidalCc ill jul 

N , fixation may lhemore enetficial than breeding for N,
fixation potetltial, lIltraspecific variability in cowpCa for several 

drought avoidance tirchanisrs is suggested. thns cltfrine the 
poitential to select arnd breed for enha.tncCd droghit resistainIce ill 
cowVpea. \Vithlin the gronp of c'OWpea gCnotypes idIe'ifiCd as 
d'ought resistant (14). it sllould bC possible to identify additiol1 
drotUcht-Avidli1Ce IncchnriSrIN. 

I.iteraturec Cilted 

I. 	 Clark. R.N. 	 and L.A. Ililcr.1973. Plarlt ncasrrcnlcnrs as inidi­
cators of, crp v,'k deficit. ,.'n'op Sci.aet2. ct)kt. L.V. 	 13:400 461).I)70. it-fccof dav-tcirli and 	\a r' oin ridinlatioriof copcpe I(jittlatil.'l l iitlt .) W ailp. I in ( ia a. \pi. Agr. 

Siher viat c . 0.05 0.07 0(.0416:13 Is. 

Cot-'lliorll 0.53 0.49 0.58 
RIooit Ircsh.vct iht s. 

plailr specific acivit' 
I)ircc el't-'c( -0.25 -0.18 -0.28 
Indircct effects via: 

Nodule weigt 0.23 0. 18 0-.22 
Notdule number 0.0t3 .((I 0.09 
Nodule iurber-

Ioduleicweighlt 0.08 (1.03 0.10 
)ihcr variables .1)03 -0(.12 1)08 

I orclalitlr 1.12 0((i 1.21 
Leatwater plint ialvs. 
plan specific activity 
I)irCCteffect 
Indirect elfccs via: 

0.29 1) .2) (.24 

Nodule. weiChir 1. 12 1.15 (.12 
()tler variables 

Co'rrelation 
0.07 
0.47 

0).017 
1.51 

0.08 
0.43 

fixatirn variable affectirng PSA in both stressed and nonstressed 
plans. I)iffererrces hetsei tile 2 cOLtlId Cx-experinrenis be 
plained by the rliitlle l"of' harvest dates ironlved. Ill the f'all
experilct. iieastlrnlicts we'lt'e Iaide lonceafltr plants ad bcCi 
stressed 	 for sorime tiie. Il the ,priilo exlCiilieCasu,ll . itNietlis 
\'CrC tiade over a \widCr ln , lftnle drrinr, a period iorf' ladrhl] 
\\'actrl'cs iiiIpr)siiioit. Irn additiir. it i difTicul tloimipose 

precisely a \+alel strcss at a particilar slta'e if irdlrhle dc\cl-()p nell. I~'alnell ppied al it't~ lit"
l~t'sll tltgh \\l_,l+'
irprierrll. .. lthougli stress treartmniits xvete applied at rrearls' theSalie rrrrrrnber if l)\I)Iill btrth experimcnts. it is prssible Iai 
C 

platsid fLiwpeal\ 
ult itln,while plan liii the spr'ing .,pe'rilre, \ic at a m ore 
advanced physiiological age. Furthermrrore. the exlent ifi sIress 
in othll apparently \\as different. \wih plails ill theexperinmenls 
fall experimnirt expericncin!i sti'ss a less, advanCed plivsi0-
log,_ical aic thin l sthoein IC Spring experillelil. The critical 
Issue here is tile rcoeniitjiniI 01' different slhics of riotdule tl-
Velprntln aid ro0W N., fixation catr be affected at each Stage. 
lt is prirbatly Incorrect t state that stlt'ess at a particular sltce 
ti) cl lhis t lrett. les0 detrime.ntal to N , 'ixalin I:r1rstre'sl' 


atlarilher stage.'. es d. ~hipni, nl inaat Sl.itai if iN,Iixalliir 	 legtiirenothrslal . tagsinr N n'hulin illnctlfslee 

are- itrll ated aidIL interdependent . arnd the imrportanice of' sitessn,v .i lo ot unl .;i t .i ,lt f d e v e pm e n' l e d e res l e dlto Cni ii in la 

Tle rCsults of' this stld\ indicate that watetr stress has a sltron 
and 	iegatis'e imrpact nitN- Fix:ition. IInboth experinrents, tire 

J. Arier. Soc. Ihfot. Sci. 1113):451-158. 1)80. 

3. 	 lall. A.I!, and L.l). Schul/c. 1t980. l)romdieht eflecrs on Iran­
spiration and Icle '.,kater tls it co' .\ pi, iillc n.trllelt d environ­
ilit,,.. Amtral. .1.Plan, Plhsiol. 7:1.11 147. 

-1. Kaliari. ('S. 97(ti. h lccite ceJs ald dclcieot soil ois­
lure on tilrerlhc I'riip. (iraill leguric.l ,l iltl \Icl ill .cim'.\pea. 

Bt. 0A4S.
 

5. 	 I.i. (C.. 1975. Palh arlkil',s a pJiiirrcr. lio\ooiid Pres. l'aci'ic 
Grove. ('alilt. 

0 .	 \lali ,JI. arid S,( 1. Sa Iii I)8O. Non-derIcru ivc landI). ilei. 'errIr­
tluantilalie dceiiliiiol of accllcie rediction in rle iteld. Plant 
Soil 56:335 .140. 

7, Shwtrc . P.J. 1)79. hfhc of \v h.lc, lile r vlfi. \\licl.deficit till 

aind karlr tlseotlI fild-erixsni ctoxxpea crlop. Pil) hiss.. tin'iv. 
llf('aifitrnia. Riverside. 

I.L..
S. Spreirn. 19)81. Nilro C-'li\;liip. 13t .143. Ill: L..( . lPaleg 
lhL'vard brolrhniri3t 


resistance iniplanits. \cadenmic. N\,Y)rk.
 

and I). Aspiriell wteds. . lie Mii iifdro)ItiIll 

9. Suniierticld. R.J.. I,.\. Ihrle\. P..I. aid lie-s.I)arr. A.P. lltii 
1)70. So t-eflcltsl .nvirolrlIrah stsill C Ctt\il­ed viehtf 
peai,I . I 1l tili:,'i.l'iill I t..) W 11p1cv. I 1 itimia. IPlit Solt.i1.1:527­
540.
 

If). T rk. K.,). and A.I. Hall. It)Sf. l)iou,,lit alaptarion llcilx p¢ci
patIll.:l"lrou'1Irr slut arid relations with : 

sed 	sield. Aeroin .1,' 7.*:421. -127. 
I)rloU,,l e
II. 	Iik. KJ. ;ild A.B. iall. It981). adaptaition -\\pea: 

IlI. lf]iriice olf droiuhr ollphlit ui'o xlt and i'laiois with seed 
vicld. Agr'oir .1.7_4_18 -433. 

12. 	 \Walker. l).W.. I).(i. Sinillxaxootl. and I.C. Miller. Jr. 11 81. A 
cnipari"tontll I) scr'emig irillhth tll or iif­, fdi etcriiiiiai-rential diiu hi tlerance inlctm\ ea lI\'na, llglJ41mllata 	(L..)
fritr riigi oeareiicipa(i'iIiiii/i/lt 	 I.
\'alp. I (Ionhcience 16:411. .,\bstr.I

13. 	 Walker. I).W. 19S3. Infhlince itigcoltvpt-C liidriirght r'eis aice
ilirirceir fiiation ini I'iet,,io ioiiti'ii/iiti Ii, Va1p. I. 

I'M) Texts A-\0 Univ'. ( illee Station. 
14. 	 Walker. I).W rid I.'. Miller. Jr. 1980. IntraqpCcilic variabitils 

for drolighlt resisiance illci pea. Scicrtia Ihut. (li press.) 
Is. 	 Walker. 1).W arid .I.C. Miller, Jr. 1) 2. Infhrrince iof genotlype 

ott drought rrltrnce-iiriocei n fi\aliori ilt ciwpea II'i,.no utkl" 
ihii't/il I..) WAIp . IIhrtSciCnCC 17:1,)2 -153. i,:\bstr. I 

I6i. 	 Walker. I).WV. and I.C. Miller In. 1r.2. h'lIercilatiiiliip be­
I\xen letf alter potitial arid biiilii.'cl niirtuI]ei tir intlriiilit 
resistant rill sucepltible 'LCrnlvp i),,f co. lpeaI('lna i#ii'oii'ii/iuo 
i1.I WV lp.I. IhlotScience 17:50)3. iAbsir i17. 	 tlR-33T hit'uctiirn Miual. 1)79. Wcwr', lire.. lhogari, I.iafi.1.Wem t(..L.1 .	 rlrui rdA.~\raa 47) ~irgmWVien , . , J.I e n . A . \ aha . D ro ut , t.(C I. .I i t t hio a nd . a ni 19 79 . htsress of cipe.a lltlsi ivl-anl iunder tinpical cionditions. p. 283-­

3111. 111:1I.\Mussell ard R.C. Slaplcs fils.l. Stress physiology 
in crop plants. Wiley. Ne\. York. 

457 	 / 

http:Cefficit-.ns


19. 	 Wilson, J.K. 1931. The shedding of nodules by beans. J. Amer. dulation and N fixation of field-grown California cowpeas as 
Soc. Agron. 23:670-674. influenced by well-irrigated and droight conditions. Agron. J. 

20. 	 Wilson, J.K. 1942. The loss of nodules from legume rools and 73:9-12. 
its significance. J. Amer. Soc. Agron. 34:460-471. 23. Zary, K.W. and J.C. Miller, Jr. 1980. The influence of genotype 

21. 	 Zablotowicz, R.M. 1978. Chatacterization, ecology, and physi- on diurnal and seasonal patterns of nilrogen fixation in southern­
ology of cowpea Phizobium. PhD Diss., Univ. of California, pe'v IVigna ungoicuhata (L.) Walp. I J. Amer. Soc. Hort. Sci. 
Riverside. 105:699-701. 

22. 	 Zablotowicz, R.M., D.D. Focht, and G.H. Cannell. 1981. No-

J. Amer. Soc. Hort. Sci. 111(3):458-464. 1986. 458 


